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change on coastal ecosystems
Guy DiDonato1, Denise Sanger2, Susan Lovelace1, Anne Blair1, Susan White1, Ed Wirth1,
Fred Holland1
1
NOAA/NOS/NCCOS/Hollings Marine Laboratory
2
South Carolina Sea Grant Consortium
Over half of the U.S. population lives in coastal counties (Crossett et al. 2004),
and more people are relocating to the coast every day. In South Carolina (SC), the
population of the 6 coastal counties has increased over 30% between 1990 and 2005.
Coastal development practices are consuming land at a rate 3-6 times faster than the
population is growing. For example, the Charleston area’s urban footprint is expected
grow to 868 mi2 in 2030 from 293 mi2 in 2000, a nearly 200% increase (Allen and Lu
2003).
Dramatic land use change in coastal areas requires that the following question be
answered: How does coastal development impact the ecological character of coastal
habitats? In the southeastern U.S., we ask how coastal development impacts tidal creeks
and adjacent coastal ecosystems. Tidal creeks provide nursery grounds for many fish and
crustaceans, serve as buffers from storms, and offer aesthetic and recreational
opportunities. The watersheds of these creeks are also preferred sites for development
activities that support the residential and commercial needs of a growing coastal
population. Previous research (Holland et al. 2004) found that small headwater tidal
creeks are sensitive to land use changes and organized these results into a conceptual
model describing creek responses to urbanization. When impervious cover (e.g., roads,
parking lots, and rooftops) in the creek watershed reached 10-20%, the physical
characteristics of the creek (e.g., salinity range, sediment quality) were altered. When
watershed impervious cover reached 20-30%, creek biological assemblages (e.g., benthos
and nekton) were changed. This model has provided coastal managers with an
understanding of the impacts of development on headwater creeks.
While headwater creeks are sensitive to land use changes, how responsive larger
tidal creeks are to coastal development activities is unknown (but see Van Dolah et al.
2008). This spatial variability along tidal creek networks must be better understood to
enable effective monitoring, assessment, and prediction of the effects of coastal
urbanization on tidal creeks and estuaries. Stratification of tidal creek networks into units
that represent relatively homogenous environments or creek classes is one tool for
characterizing and understanding the variability within tidal creek networks. Tidal creeks
were classified following the framework developed for freshwater streams by Horton
(1945) and Strahler (1957). Generally speaking, first order creeks (headwaters) directly
drained coastal uplands and were characterized by narrow width and predominately
intertidal habitat. Second order creeks were formed by the confluence of two or more first
order creeks. Second order systems were wider and had subtidally dominated habitats.
Third order creeks were formed by the confluence of two or more second order creeks.
Third order systems were large creeks with very little intertidal habitat. Recent research
explored the responses of these tidal creek strata to changes in land use in the
surrounding watershed; the null hypothesis is that larger tidal creeks (e.g., second and
third order) are equally sensitive to watershed urbanization as first order creeks.

For many physical and chemical indicators collected from study creeks, these data
showed that the null hypothesis is indeed false. For example, water column indicators of
microbial contamination, including bacterial and viral indicators, are generally highest in
more urbanized watersheds and always highest in first order creeks. The response of
microbial indicators in second and third order creeks to increasing urbanization is more
muted. Nonpoint source pollutants in the water, like nitrate and nitrite, exhibited
increased concentrations in creeks draining more urbanized watersheds; however,
concentrations did not decline down the longitudinal gradient as observed for other
pollutants. Other indicators of environmental quality, including sediment contamination
(as expressed by the Effects Range Median Quotient, Long et al. 1995), showed a similar
pattern, with contaminant concentrations increasing with increasing urbanization and
highest in first order creeks. Polydiphenylethers (PBDEs), which are used as flame
retardants in many consumer products and now considered an emerging contaminant of
concern, were also detected in a subset of sampled tidal creek sediments; however, these
contaminants were only detected in the sediments of first order creeks.
Biological responses of the organisms within the creeks were a little harder to
discern. Holland et al. (2004) showed that increasing urbanization led to decreased
abundance of shrimp constituting a valuable fishery. Lerberg et al. (2000) also indicated
that the benthic macroinvertebrate fauna changes with increased urbanization, with
species tolerant of environmental stresses becoming relatively more abundant in impacted
creeks while those organisms known to be stress-sensitive becoming less abundant. Data
from first order creeks collected in 2005 and 2006 verify this compositional change along
the urbanization gradient; however, data collected from deeper habitats (second and third
order creeks) were more equivocal.
In addition to discerning the physical and ecological impacts of coastal
development on tidal creeks, recent research has attempted to quantify the human
dimensions of coastal development. A preliminary index of attributes to quantify the
human-perceived value of tidal creek watersheds has been developed; this index is called
the Quality of Place (QoP) index. Using field data as well as data culled from the U.S.
Census, 12 tidal creeks in South Carolina were evaluated for their perceived value. The
ranked results for the QoP demonstrated that the urban systems in our study set generally
had the lowest index score, while the suburban and forested systems were generally
higher. There was not much distinction between forested and suburban systems. This
work is preliminary but early efforts suggest that this may be a promising approach to
characterize the human dimension aspects of coastal development.
A major outcome of tidal creeks research is the identification of these habitats as
sentinels for detecting the impacts of human activities on coastal ecosystems. A pamphlet
summarizing this research (Holland and Sanger 2008) and its implications has been
completed and is available for coastal managers. More generally, though, the sentinel
habitat framework provides an approach that could be used to develop conceptual models
for research and decision making in other U.S. coastal regions. Recent efforts have
included pilot research in the northern Gulf of Mexico, where the coastal development
issues are similar but the environmental milieu (i.e., tidal range) is different than seen in
the southeastern U.S.

References
Allen, J. and Lu, K. 2003. Modeling and prediction of future urban growth in the
Charleston region of South Carolina: a GIS-based integrated approach. Conservat
Ecol 8, art 2.
Crossett, K.M., T.J. Culliton, P.C. Wiley, and T.R. Goodspeed. 2004. Population trends
along the coastal United States: 1980-2008. NOAA Technical Memo, National
Oceanic and Atmospheric Administration, National Ocean Service, Special
Project Office, Silver Spring, MD. 54 pp.
Holland, A.F., D.M. Sanger, C.P. Gawle, S.B. Lerberg, M.S. Santiago, G.H.M. Riekerk,
L.E. Zimmerman, and G.I. Scott. 2004. Linkages between tidal creek ecosystems
and the landscape and demographic attributes of their watersheds. J. Exp. Mar.
Biol. Ecol. 298: 151-178.
Holland, A.F. and D.M. Sanger. 2008. Tidal creek habitats: sentinels of coastal health. 24
pp. Available at http://www.scseagrant.org/pdf_files/tidal_creeks_booklet.pdf.
Horton, R.E. 1945. Erosional development of streams and their drainage basins:
hydrophysical approach to quantitative morphology. Bull. Geol. Soc. Am. 56:
275-370.
Lerberg, S.B., A.F. Holland, and D.M. Sanger. 2000. Responses of tidal creek
macrobenthic communities to the effects of watershed development. Estuaries 23:
838-853.
Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder. 1995. Incidence of adverse
biological effects within ranges of chemical concentrations in marine and
estuarine sediments. Environ. Manage. 19: 81–97.
Strahler, A.N. 1957. Quantitative analysis of watershed geomorphology. Trans. Am.
Geophys. Union 38: 913-920.
Van Dolah, R.F., G.H.M. Riekerk, D.C. Bergquist, J. Felber, D.E. Chestnut, and A.F.
Holland. 2008. Estuarine habitat quality reflects urbanization at large spatial
scales in South Carolina's coastal zone. Sci. Total. Environ. 390:142-154.

